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forces were produced, and these may warrant further consideration in the future.
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INTRODUCTION

The objective of this study was to experimentally

investigate the Biefield-Brown effect, which allegedly converts

electrostatic energy directly into a propulsive force in a vacuum

environment.

In the 1920s, Dr. Paul Biefield and Townsend T. Brown

discovered that a propulsive force was generated when a large DC

electrical potential difference is applied between shaped

electrodes fixed and separated from one another by a dielectric

member. Under these conditions a net force results which acts on

the entire electrode/dielectric body and typically causes it to

move in the direction of the positive electrode.

This concept may represent a direct field-field, or field-

vacuum interaction scheme with the potential for producing thrust

without the conventional action-reaction type of momentum

transfer brought about by ejective expenditure of an on-board

fuel. The significance of this field propulsion concept to

launching and/or maneuvering payloads in space is potentially

very great.

This concept has received cursory attention over many years

since its discovery, but at the outset of the present effort it
was still inadequately explored and remained without confirmed

operation in a vacuum, without quantitative characterization, and

without an adequate theoretical basis for its operation.

This force generation technique was explored briefly under a

Phase I Small Business Innovative Research (SBIR) program using a

laboratory test configuration consisting of a vacuum chamber and

a torsion fiber type measurement system. This system permitted

the direct assessment of electrostatically induced propulsion

forces on selected experimental devices. Initial tests were



conducted at atmospheric pressure and over the vacuum range down

to 10 millitorr, using an applied DC voltage. Preliminary

results of these tests were interpreted as being supportive of

the Biefield-Brown effect. However, these initial results were

inconclusive because inadequate vacuum conditions were achieved;

correspondingly, the applied voltage was limited to 1.5 kV or

less.

In the follow-on Phase II SBIR effort reported here the
goals were two fold. The first was to improve selected features

of the test hardware, extend the vacuum conditions to 1 microtorr

and increase the driving DC voltage to 50 kV or more. The second

was to establish an experimental data base via tests with

candidate devices to permit the nature and quantitative

characteristics of this electrostatically induced propulsive

force to be determined. It was expected that tests conducted at

the extremes noted should confirm or deny the existence of a real

propulsive force under these conditions.

Activities under this program emphasized improving the
experimental test configuration and conducting tests to develop a
data base. The overall experimental effort still centered on

making direct measurements of electrostatically induced
propulsive forces on candidate test devices, inasmuch as details

of the nature of the Brown effect were too sketchy to provide a

reliable base for interpreting indirect measurements.

This report discusses the various features of-the

investigation, including the experimental configuration and

instrumentation, the efforts to deal with severe electrostatic

boundary effects, test techniques and results, observed

anomalies, and overall conclusions.

The experimental results of this investigation indicate that
no detectable propulsive force was electrostatically induced by
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applying a static potential difference up to 19 kV between device
electrodes, either with or without a spatial divergence of the

electric field and energy density within that field. The minimum
detectable force in these experiments was about 2x10'9 N. Under
these test conditions, no detectable electrical breakdowns

occurred.

Near the very end of this program, a few brief attempts were
made to examine the force generation effects with pulsed fields,
at 19 kV which was just under breakdown conditions. Some of
these resulc•, noted under observed anomalies, may warrant
further c•onsideration in the future.

EXPERIMENTAL CONFIGURATION

Background

During the Phase I SBIR program, we designed and fabricated
a laboratory test configuration for directly quantifying
Biefield-Brown type electrostatically induced propulsive forces
on selected experimental devices. The configuration, discussed
in detail in References 1 and 2, used a cylindrical vacuum
chamber oriented with its axis vertical, together with a single
torsion-fiber-type measurement system for direct assessment of
propulsive forces. Geometrical and electrical symmetries were

incorporated into the test set-up and in the device designs.

These were to minimize the influence of electrostatically induced
reaction forces which might arise from nearby bodies, including

the walls of the var-uum chamber itself.

This arrangement permitted tests to be conducted either at

atmospheric pressure or over a range of partial vacuum
conditions. Investigation of the Brown effect over a range of
subanmospheric conditions was considered desirable, since
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electrical wind effects are known to be significant under normal

atmospheric conditions, and can be responsible for some of the

results often attributed to the Brown effect. Force measures

taken over a range of vacuum levels would allow extrapolation of

results to vacuum levels below about 100 microtorr (the expected

lower limit of vacuum for the initial test set-up) where effects

of electric wind should be negligible.

The initial experimental configuration was found to have

several shortcomings that are briefly noted here for information.

These have served as guidance in improving the test set-up for

the Phase II program. These features include the following:

Frictionless electrical contacts (consisting of

platinum points touching liquid mercury) were used to

feed the high voltage electrical power to the test

devices while a force measurement was being made. The

points and test devices were mounted on a figure-eight

type device holder and were suspended by a single

torsion fiber. The depth of penetration of the contact
points into the mercury was critical to achieve nearly

frictionless performance. While this depth could be
adjusted to the nearest 0.001 in from outside the

chamber by raising or lowering the vacuum-sealed rod

holding the torsion fiber, it was difficult to achieve

test-to-test reproducibility of this depth setting. In

turn, the reproducibility of measured forces may have

suffered.

The electrical insulation used on the high voltage

feed-through into the vacuum chamber needed to be of

higher quality to help preclude voltage breakdown

across the insulation surfaces.
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Improved quality of electrical insulation was also

needed in the device holder for separating the device

electrodes, to permit operation at higher voltages and

to avoid unwanted electrical breakdowns.

Operation at a better vacuum, say below about 100

microtorr, was needed to achieve vacuum breakdown
potentials in excess of a few tens of kilovolts. Such
high vacuum was also needed to improve the breakdown
characteristics experienced with the electrical

insulators noted previously.

Operation in this better vacuum regime was also
desirable to assure that residual ion or electrical
wind effects were not influencing the electrostatically

induced forces under examination.

Within the proposed vacuum regime, the liquid mercury

would no longer be suitable for use as part of the
frictionless electrical contacts. At room temperature,

mercury boils at a pressure of about 500 microtorr.

The Brown and Sharpe No. 34 tinned copper wire, used as
a single torsion fiber in the force measuring system,
often showed a small drift in the system zero point
setting. A better fiber choice was a conducting
tungsten fiber, but such a fiber was not available for

use in the Phase I program.

In Reference 2, an analysis of the torsion pendulum was

conducted to show that the force measuring approach selected can
be employed either in a static or in a dynamic mode.

In the static mode, the test devices suspended by the
torsion fiber are assumed to be initially at rest. Upon

5



application of a steady propulsive force, the fiber twists until
its restoring torque balances the applied torque. The propulsive
force can then be found from the observed twist, using the fiber
torsional calibration value and the moment arms of the applied

force.

In the dynamic mode, the test devices suspended by a torsion
fiber are allowed to swing free and to undergo small angular
oscillations about the vertical fiber axis. This system behaves
as.a linear torsion pendulum. This oscillatory behavior results
from propulsive, boundary, or random torques acting against the
restoring torque of the fiber, and the oscillations are typically
damped by the frictional forces. If the pendulum is shielded so
the random torques are negligible (such as in a grounded,
metallic, vacuum chamber), the pendulum motion can be analyzed in
terms of the propulsive, boundary, and frictional forces, and can
be used in a general way to characterize the nature of simple

forms of propulsive forces. In particular, a steady propulsive
force can be applied to the oscillating pendulum and the
resulting angular offset of the mid point (or average position)
of the pendulum swing from the initial zero position is directly
proportional to the force, as in the static mode above. Mainly,
this mode of force application was used in the current program,
although the use of force pulses applied over single half cycles
were explored experimentally in Reference 2.

Test Configuration and Subsystems

A block diagram of the overall test layout used in this
Phase II inveztigation is given in Figure 1. This layout
incorporates features to minimize the influence of shortcomj-igs
noted in the previous section. This figure shows schematically
the key components, their grouping into functional subsystems,
and their interconnections within the subsystems.

6
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The subsystems include the following:

1. Main test configuration, which encompasses the vacuum

chamber and the components within its interior.

2. Torsion fiber subsystem, which is the central element
for measuring propulsive forces, is located inside the

chamber.

3. Optical readout and data acquisition subsystem, used

for extracting and recording torsion fiber twist

information, which is directly related to applied

torques and, hence, forces.

4. Electrical subsystem, which includes the high voltage

sources (each with feedback control), the data

acquisition subsystem for current, and an XT computer

for control of power supplies and the electrometer-

transceivers.

5. Vacuum subsystem, which includes a roughing pump,
diffusion pump, ionization gauge, valve controller, and

accessories related to achieving and quantifying

partial vacuum conditions in the chamber.

6. Test devices, which are essential to the meaningful

exploration of the Brown effect.

Main Test Configuration

The main test configuration, including the torsion fiber
subsystem, is shown schematically in Figure 2. The central

feature of this arrangement was the AISI type 316 stainless steel
vacuum chamber. It was approximately 1.04 m (40.8 in) in
diameter by 1.52 m (60 in) overall height with a
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Figure 2. Test Configuration Schematic
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1.17 m (46 in) straight side and a welded, dished top and bottom.

Access to the chamber was provided through a 0.51 m (20 in) top

manway. Smaller ports were also available and were used as

instrumentation and illumination ports. A 0.20 m (8 in) port

(not shown), offset from the chamber axis, was cut in the bottom

of the chamber. A surface flange was welded in place adjacent to

this port for close-up mounting of the diffusion pump. The

chamber was mounted on legs (not shown) with leveling screws for

adjustment of the vertical axis of the chamber.

Candidate propulsion test devices were mounted in tandem on

an improved, insulated figure-eight type device support. To

overcome the earlier problems encountered with the use of mercury

as frictionless electrical contacts, here a pair of tungsten

torsion fibers was used to feed high voltage electricity to the

test devices. One fiber was suspended from the top of the

chamber down to the test device support. A second fiber passed

from this support to a special mass--electrical contact

arrangement near the bottom of the chamber. The latter tensioned

the lower fiber and effectively produced a constant-tension, taut

torsion fiber system.

The electrical inputs to the test devices were fed from two

high voltage DC power supplies through low-loss, high voltage

pass-through fittings into the chamber. One pass-through was in

an off-center top port of the chamber; the other was in the

center bottom port. Cabling from the upper fitting connected to

the upper tungsten taut fiber through an electrically floating

(battery driven) electrometer. A similar electrical feed

arrangement was used for the lower tungsten fiber.

The conducting fibers, in turn, supplied high voltage to the

test devices via conducting arms of the device support structure.
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A force measurement consisted of determining the average

angular twist of the taut torsion fiber system caused by action

of the force. This, together with the fiber calibration constant

and moment arms of the test devices, permitted the force on the

devices to be evaluated. The average angular twist of the

torsion fibers was measured using a telescope, mirrors mounted to

the test device support, and scales fastened to the chamber wall.

Torsion Fiber Subsystem

The measurement of forces generated by electrostatically

driven test devices was carried out using a dual, taut torsion

fiber subsystem. The test devices together with their support

structure were suspended by the upper fiber, and this unit

operated as a torsion pendulum in a dynamic mode. Accordingly,

the devices and holder were free to undergo small angular

oscillations about the vertical fiber axis with respect to an

angular equilibrium position. The torque to twist the fibers was

provided by the device or boundary generated force components

directed perpendicular to both the fiber axis and to radial

moment arms. These arms are defined by the fiber axis and the

central lines of force through the test devices.

Two such test devices were directed in tandem and mounted on

the figure-eight support structure shown in Figure 3, at "equal"

radial distances from the fiber axis. This revised device

support structure incorporated features of better electrical

isolation of component parts, better symmetry to minimize

asymmetric forces which are not test device related, and reduced

use of dielectric components to just a single central element.

The single element shown was a fire-polished 5.0 mm glass rod,

coaxial with the fiber used to join the identical top and bottom

aluminum conductor tubes of the support arms. The average moment

arm distances for tests conductec¢ in this program were 0.09778 m.
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Because surface electrical breakdowns over the glass rod

were experienced, this rod was replaced first with an acrylic

support rod of the same size. Since the breakdowns persisted,

this rod was then replaced with composite insulating separation

structure consisting of a series of four fire-polished Pyrex

glass petri dishes, 52 mm diameter by 16 mm high, each separated

by a 12.7 mm diameter acrylic plug approximately 23 mm high.

This entire central insulating structure was approxi.ately 13 cm

high with an insulating path length over the surface between the

upper and lower electrodes of about 39 cm. The structure was

held together with alkyl cyanocrylate instant glue, such as Krazy

GlueR or Super Glue.. Initially, this insulating structure

enabled potential differences of about 40 kV to be obtained

without breakdown, but after some use only values of about 20 kV

could be maintained without breakdown.

Metal torsion fibers were of special interest for use in

this program because of their electrical conductivity and their

planned use as electrical leads to power the test devices. Metal

fibers are known to have long term drift problems. Our approach

to this drift problem was to correct for the drift over the

relatively short time period of about an hour during each

individual test. To do this, it was necessary to make zero

angular position readings cf the torsion fiber system (when the

force generating electrical inputs were turned off) before, and

after application of one or more voltage steps during each test.

This permitted any appreciable drift of the zero position to be

evaluated, and corrections to be applied to the force generated

angular deflections observed during a test run.

Some drift was observed in the tests noted in References 1

and 2, but was not a serious pioblem. In this program, the zero

drift of the torsion pendulum equilibrium position was vcry small

and was readily correctable. In Reference 2, it was also found

that large voltage increments sometimes caused shift in the

13



equilibrium position of the torsion pendulum, rut small

increments up to about 500 V left the zero position unaffected.

These observations were interpreted as a problem with the rise

rate (or ramp) of the voltage increment, rather than with the

magnitude of the increment itself. A variety of magnitudes of

voltage steps and rates of voltage rise to achieve these steps

were explored experimentally. It was found that voltage ramps up

to about 500 V/sec caused no appreciable drift or shift problems,

and this rate was used subsequently in most tests. The maximum

voltage rise rate for the driving power supplies was set at

12 kV/sec.

The torsion fiber chosen for use in this program was a

99.9C% pure tungsten fiber, 0.1 mm (0.004 in) in diameter.

Selected mechanical properties of tungsten fibers are given in

Table 113114.. Typically, the fiber strength becomes the limiting

mechanical factor for each candidate fiber material and

determines the corresponding minimum fiber diameter. Tungsten is

one of the strongest metal fibers, and the tungsten fiber chosen

is estimated to support a static load of about 0.57 kg. The

upper fiber length was 0.4282 m (16.86 in), and the lower one was

0.4001 m (15.75 in).

In implementing the dual torsion fiber system the upper end

of the top fiber was fastened to a vacuum sealed adjustable rod,

which could be raised, lowered, or rotated manually from outside

the chamber to achieve a suitable device height or angular

equilibrium position for tests.

The height adjustment feature for the fiber support rod

involved mounting the rod on a precision rack and pinion slide

mechanism. In use, this unit was coupled with a dial indicator,

and height settings and resettings to a precision of + 0.0013 cm

(± 0.0005 in) were achievable. An azimuthal angular scale was

fastened to the chamber, concentric with the movable fiber

14



Table 1. Oelecto, Meohanical Properties of Tungsten Fibers

Youngs Modulus,, E. N/rn2  34x1010

"Rigidity Modulus5, G, N/mn2  13.5xLO0I

Tension yield, NLm 2 (Vsi) 6.89xi08 (100x10 3)
V Density. .4/cm3  18.6-19.1

support rod. A pointer attached to the movable rod was used

together with this azimuthal scale to indicate the angular

position of the rod and, hence, the top of the upper fiber. Such

angular position settings and resettings could be made with a

precision of abou': + 0.3 degrees, although the equilibrium

position itself at any particular setting of the top fiber could

be determined much more accurately.

As noted, the lower fiber extended from the device holder to

a special attachment near the bottom of the chamber, which was

designed to provide a near constant tension on both fibers. This

lower fiber attachment scheme was configured to minimize the

changes in the axial forces on the fibers and, hence, the fiber

calibration, induced by thermal expansion or contraction of the

overall vacuum c:hamber itself.

Further, the attachment scheme permitted the zero angular

position of the dual torsion fiber combination to correspond to a

zero torsion equilibrium condition of the fiber (such as would

occur automatically in a single-fiber system) rather than to

correspond to just a zero net torsion condition. The latter

would arise if the bottom end of the lower fiber were twisted

away from a no torsion position during attachment. The zero net

torsion condition itself could be quite usable for a pair of

fibers of equal length, and would not be expected to change the

system's torsion calibration as long as the swing amplitude of

the pendulum remained completely within the linear torque-twist
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region of the fibers. This feature will become clear by noting

that a fiber pair attached with an initial twist, would upon

awinging in one direction cause a further twist to develop in one

fiber of the pair and a relaxation of twist to occur in the

other. For fibers of equal length, the resulting torques would

still sum to the same total. Inasmuch as it was not convenient

to use equal length fibers within our vacuum chamber, and the

bounds Gf the linear torque-twist region were not well

established, we preferred to use the zero torsion equilibrium

conditions of the fiber, rather than the zero net torsion

conditions, in the experimental work under this program.

The special fiber tensioning attachment fastened to the

lower fiber near the bottom of the chamber is shown schematically

in Figure 4. This unit consisted of a inner pis'Con-like

cylindrical mass, which was secured to the lower fiber and was

free to slide axially between upper and lower stops within an

outer cylinder-like mass element. The inner mass was also

restrained by a pin in a vertical slot so this mass was not

generally free to slide angularly within the outer cylinder about

the fiber axis. The pin clearance of + 0.0025 cm (± 0.001 in) in

the slot, at the inner mass radius of 0.625 cm (0.25 in), could

have theoretically allowed the angular position of this mass to

be uncertain by + 0.23 degrees. In practice, the friction

between the two masses was adequate to prevent the inner mass

from moving during oscillations of the pendulum.

To ensure positive electrical contact between the two

conducting mass elements, a very fine, loosely coiled copper wire

was attached between the bottom of the piston-like component and

the lower end of the surrounding cylinder. Electrical connection

of the cylinder element with the conducting platform on which the

cylinder rested when in place for a test, was by direct.

mechanical contact.
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